Abstract. The mobility management and resource allocation are key technologies in Long Term Evolution-Vehicle (LTE-V). To improve the Double Resource Allocation Handover (DRAH) scheme, a mobility management method for vehicles in multicell environment, author propose dynamic parameter DRAH scheme to improve the system performance and efficiency of resource utilization. The SUMO and Omnet are used to build the traffic network and cellular network for the simulation. And the simulation in the virtual environment proves that this scheme could well support V2X communication and the performance is much better than the DRAH scheme.
However, LDRAS puts most of the work on eNB and the resource utilization is not efficient. And the D2D-aware handover solution and D2D-triggered handover solution aim at the D2D communication between low-speed UEs. Although the DRAH is design for high-speed situation, the main effort of [9] has been focused on demonstrating the availability of connections and the basic performance of this method, lacking of discussion on improving the efficiency of resource utilization.
During this paper, a further work of DRAH will be done. The dynamic handover parameter algorithm is introduced in to this system to balance the resource utilization and handover performance. Speed of the vehicles and the driving route are considered to make the system more stable and reduce the resource usage during handover.
System Model
Considering the methods mentioned above and actual situation, double antennas model is chosen in this paper to be responsible for D2D communication. And a cluster of several vehicles is considered as the basic unit of resource allocation scheme, while all the vehicles in the same cluster use the same RB through time-division multiplexing access (TDMA).
Double Resources Allocation Handover scheme
The core idea of mobility management is how to allocate the D2D resources during handover. Thus, the DRAH scheme is proposed, where the V-UE could not only extend the hold time of the old RBs from the old eNB but also obtain the new RBs from the new eNB during handover. According to [9] , DRAH scheme references the main thought of event A3 in LTE system. There are eight handover events in LTE system, including six internal system handover events represented by Ax and two intersystem events represented by Bx. And event A3, occurs when the signal quality of the neighboring cell is better than current cell, is the most common handover event in LTE system. In this scheme, the internal system events do not need to be considered because of the assumption that all the V-UEs are within the full coverage of LTE cellular.
Received Signal Strength Indication (RSSI), Reference Signal Received Power (RSRP) and Reference Signal Received Quality (RSRQ) are the key metrics of the radio signal quality, which are used to determine whether to hand over. The relationship between RSSI, RSRP and RSRQ is satisfied as
RSRQ=N×RSRP/RSSI.
(1) Generally, RSSI is considered as the measure of quality of received radio signal and a key metric of distance calculation of two wireless devices, so that it is chosen to present the quality of communication between the eNB and V-UE.
Just like event A3, DRAH scheme designs two handover events, known as Double Resource Allocation Entry (DRAE) event and Double Resource Allocation Leave (DRAL) event, to declare the opportunity of new RB allocated to V-UE and old RB retrieved from V-UE.
The RSSIs from the old eNB and new eNB are satisfied as Eq. 2, when the event A3 is triggered.
Here, Mn is RSSI at the neighboring eNB, Ofn is the frequency-specific offset of the neighboring eNB, Ocn is the cell-individual offset of the neighboring eNB, Hys is the hysteresis of the neighboring eNB, Mp is the RSSI at the connected eNB, Ofp is the frequency-specific offset of the connected eNB, Ocp is the cell-individual offset of the connected eNB, and Off is the frequency-specific offset. And the leaving condition of event A3 is satisfied as
The entering condition and leaving condition of both DRAE event and DRAL event are similar as event A3. In DRAE event, the quality of signal from eNB at V-UE decides the timing of new RB allocated to V-UE. And the Eq. 4 and Eq. 5 show its entering condition and leaving condition.
Here, Mn is the RSSI from the neighboring eNB, Odn is the frequency-specific offset of neighboring eNB, Hyse is the hysteresis of DRAE event, Mp is the RSSI from the current eNB, and Ods is the frequency-specific offset of the current eNB. The offset is to eliminate the ping-pong effect.
Similarly, the entering condition and leaving condition of DRAL event are shown as Eq. 6 and Eq. 7. Here, Odnl is the frequency-specific offset of neighboring eNB in DRAL event, and Hysl is the hysteresis of DRAL event.
Dynamic Handover Parameter DRAH Scheme
The vehicle's motion characteristic is the most important hallmark that differentiates V2X network from traditional cellular network, while all the data can be obtained from On Board Diagnostics (OBD) and map application through the Controller Area Network (CAN). Vehicles with different speed or different route should have their own handover parameter to balance the system performance and improve the resource utilization.
Based on equations mentioned above, the simplified one is as follow. Here, Offset is value of all hysteresis for all offsets and amplitudes in Eq. 4 to Eq. 7. Fig. 1 , the relationship between the communication range of DRAH scheme and the offset in handover mentioned in Eq. 8 has been shown. As the offset in handover increases, the average radius of the handover area increase, that makes the relationship between resource utilization efficiency and the average radius of the handover area is contradictory. It means that the lager handover area leads to longer time of two D2D resources occupied and cause lower resource utilization efficiency. It's well known that, the faster the vehicle is, the shorter the vehicle stays in the range, the higher resource utilization efficiency is, when the handover range is determined. The details are shown in Fig.  2 .
To balance the resource utilization and the handover performance, the offset in handover should be adjustable according to the speed of the vehicle. On the one hand, low-speed vehicles stay longer in the handover area, so that the offset in handover could be smaller to reduce the radius of the handover area and the dwell time. On the other hand, high-speed vehicles have a better performance in resource utilization so that the offset in handover could be larger to improve the handover performance. When it comes to the route of vehicle, more details should be considered. There are details of RSSI data from two adjacent eNB in Fig. 3 and Fig. 4 , while the VUE-A passes point A to point B through T-junctions and VUE-B passes point A to point C shown in Fig. 5 . And the RSSIs of signal from eNB A and eNB B are pretty close in Fig. 3 and Fig. 4 , which means double D2D resource occupied rate are quite high. If the route could be considered, the situation mentioned above would be avoided. When the RSSI of the signal from target eNB satisfy the requirements of D2D communication, the offset in handover should be lower to lock the target eNB and reduce the occupation of two D2D RBs, while the target eNB can be known by the destination.
In summary, the vehicles' speed and route should be considered as key metrics to determine the handover parameter to improve the performance of this scheme, and this is what this paper do.
Simulation
The performance of dynamic handover parameter DRAH scheme is based on the efficiency of resource utilization during handover and system balance. The more the number of vehicles that possess two RBs for a long period of time are, the less the allocable RBs left. And it results inefficient use of resources and a huge waste of radio resources.
In this paper, we assume that all the vehicles run on a four-lane road with the entire simulated area under the coverage of the LTE cellular network. Vehicles in the simulation scenario start with random speed at the same location, while the eNBs are distributed along the road. That makes the vehicles could trigger the handover when they run from one eNB to another. What's more, the simulation scenario is based on the wireless channel model proposed by International Telecommunication Union (ITU) to make the result credible.
As for the traffic simulation, SUMO is used in this paper, because it is well supported by Omnet, which is chosen as the network simulation tool. All the basic system parameters in the simulation scenario are summarized in Table 1 . 
Simulation Result
The dynamic handover parameter DRAH scheme proposed in this paper has two kay parameters: speed and route. As for the speed part, our work focuses on the method to keep the balance between the resource utilization and handover performance. And as for the route part, the way of reduce the resource utilization by vehicle's trajectory catches the most attention.
Speed
Shown in Fig. 2 , the double resource occupied rate is totally different while the vehicle's speed is different with the same offset in handover. We adjust the offset in handover according to the speed, so that the double D2D resource occupied rate can be stabilized at 20%. The Fig. 6 shows the result of dynamic handover parameter DRAH scheme. No matter what speed is, the double D2D resource occupied rate is about 20%, which is in line with the previous settings.
To further demonstrate the effectiveness of this model, we run a simulation with changing speed of vehicles as shown in Fig. 7 . The vehicles in this simulation run at a speed of 30km/h for a period of time and then accelerate to 60km/h, while the offset in handover roses from 5.7dBm to 7dBm to keep the stability of the resource occupied rate. And the result of the double D2D resource occupied rate in this simulation is 19.3%, which is near the 20%. 
Route
With Fig. 3 and Fig. 4 , the importance of the vehicle's route has been cleared in reducing the resource utilization. We build a traffic network by SUMO to prove the performance of dynamic handover parameter DRAH scheme, which is based on Fig 5. In this simulation, there are two vehicles with different routes, one runs from point A to point B named as VUE-A, and the other runs from point A to point C named as VUE-B, while there is an eNB named as eNB B near the point B and an eNB named as eNB C near the point C. And the double D2D resource occupied rates, VUE-A's rate is 29.9% and VUE-B's rate is 39.4%, are much higher than 20% even the speed is considered, because the RSSIs of vehicle receive signal from eNB B and eNB C are closer in a period of simulation time.
To improve the D2D resource utilization, we increase of decrease the offset in handover according to the driving route of the vehicle. For example, when the vehicle's destination or the staged destination and its current location are under the coverage of the same eNB, the offset in handover will be properly reduced to avoid the unnecessary triggering of DRAE event and DRAL event. On the contrary, the offset of DRAE event could appropriately increase. And the result comes out as 20.6% of VUE-B by decrease the offset in handover through the whole trip, and 20.1% of VUE-A by decrease the offset in handover during the road A-M and road M-N and keep the offset in handover, decided by speed, during the road N-B.
Summary
Simulation results show that the mobility management could solve the problems of D2D communication and the DRAH scheme could ensure the vehicle complete the handover without losing connection. More importantly, the dynamic parameter DRAH scheme could reduce the D2D resource utilization and improve the system performance by considering the speed of vehicle and the route of vehicle.
In future work, more parameters like vehicle density should be considered to improve the efficiency of resource utilization. What's more, the handover out of the cover of the LTE cellular network should be studied. The scheme of the handover between D2D communication and traditional cellular communication and its system performance are the main research directions.
